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ABSTRACT 
 
Recently, the amount of manufacturing data being collected has been increasing dramatically due to 
growing interests of convergence of manufacturing and IT. As such, it is possible to analyze the recorded 
manufacturing data for various purposes. One of the most important goals of manufacturing data 
analysis is to understand the current situation of manufacturing processes based on comparing actual 
and plan data. In order to execute such analysis, conformance checking, which is to check for deviations 
between models and logs, can be applied. However, existing conformance checking research mostly 
focuses on the control-flow perspective. Thus, it is hard to apply existing conformance checking 
methods in the manufacturing industry since other factors such as resources, machines, groups, 
deadlines, and processing time needs to be determined and considered as well. Therefore, this paper 
proposes a comprehensive conformance checking method using the control-flow perspective and time 
perspective and validates the proposed method by applying actual data extracted from a manufacturing 
company in Korea. 
 
Keywords: Process Mining, Conformance Checking, Fitness, Manufacturing Processes 
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 Introduction 
 
1.1. Research Background 
At present, the manufacturing environment has become more complex and is intensely competitive 
(Shankar, 2011; Fullerton et al., 2013). Against this background, the convergence of manufacturing and 
IT (Information Technology), called the fourth industrial revolution, has increased in importance in 
order to effectively manage complex factors in manufacturing industries. Recently, large quantities of 
assorted data have been generated in the manufacturing environment. Due to the rapid development of 
IT technology, such as sensors, RFID (Radio Frequency Identification), IoT (Internet of Things), and 
the like, the data generated can be recorded in information systems (Jia et al., 2012; Khan et al., 2012; 
Gubbi et al., 2013). For example, data related to inventory, the supply chain, shipping, workshop 
management, production management, and so on have been collected. They can be utilized for a variety 
of purposes, such as fault detection (Wang et al., 1999), manufacturing automation (Chien et al., 2014), 
and resource management (Zheng et al., 2014). Among them, manufacturing process data, which is 
recorded while making a finished product from raw materials, can be utilized to cut the cost and to 
increase the efficiency of processes (Wang et al., 2009; Wen and Tuffley, 2012). This is because it is 
possible to manage overall manufacturing process and understand current situations by analyzing the 
data. 
 Various studies have effectively analyzed manufacturing process data. Son et al. conducted an 
overall analysis of the manufacturing process using process mining (Son et al., 2014), Rozinat et al. 
provided suggestions for process improvement of ASML using process mining (Rozinat et al., 2009), 
and Park et al. proposed an approach to evaluate the performance of the ship block manufacturing 
process (Park et al., 2014). However, most research is related to process discovery and the performance 
analysis of several resources to understand current situations. In addition to process discovery and 
performance analysis, a method to assess actual processes based on the process models is needed. The 
method used involves the notion of one of the process mining types, conformance checking. Most 
manufacturing industries have manufacturing process data that contain not only actual manufacturing 
process information, but also reference or planned manufacturing information. The data concerning 
actual manufacturing processes represent results recorded in information systems in real time. The 
planned manufacturing processes are optimized in consideration of the cost, effort, time, and so on 
(Kumar et al., 2010; Barba et al., 2012). Hence, overall costs would be reduced and efficiency would 
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increase if the actual processes were in compliance with the planned processes. Therefore, conformance 
checking is becoming of increasing importance. 
Despite the importance thereof, conformance checking has not been utilized effectively in 
manufacturing industries. This is because most of the existing research or documented cases have only 
conducted conformance-checking methods from the control-flow perspective with regard to the order 
of activities (van der Aalst, 2005; de Leoni and van der Aalst, 2013). However, in reality, fitness for 
checking conformance should reflect not only the control-flow perspective, but also the time perspective 
concerning deadlines and the processing time of each activity in manufacturing industries. As a result, 
it is necessary to develop a new, comprehensive fitness check that considers these requirements. 
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1.2. Problem Statement 
In manufacturing industry, it is necessary to identify how well actual processes comply with planned 
processes considering a variety of factors. This is because such an approach can clarify how best to 
adjust following activities and how to make more suitable plans for subsequent projects reflecting the 
results of previous projects. Thus, there is a need to diagnose whole manufacturing processes by 
numerical values which are able to intuitively identify the difference the actual processes and the 
planned processes. 
To solve this, conformance checking in process mining can be applied. However, existing 
conformance checking methods have several problems. Firstly, they consider only the control-flow 
perspective in checking conformance. However, the manufacturing industry needs figures to identify 
the difference between the actual and planned processes considering not only flow of activities but also 
several factors in various perspectives. Next, the existing methods cannot properly explain the 
difference between actual and planned processes. In other words, the actual processes and planned 
processes compared by intuition and results from the existing methods for conformance checking are 
considerably different. Lastly, activity relations used in the existing methods are insufficient to compare 
actual process to planned process. In the manufacturing industry, parallel relations have to be subdivided 
to check starting and completing order of activities. This is because there are cases in which the end 
point of activities must be identified. As an example of this, before an assembly task, pre-tasks are 
completed at the same time to save costs. In addition, there are cases where start point of activities must 
be checked, such as concurrency activities. That is, concurrent activities have to be ended at the same 
time, but processing times of each activity are different. Thus, an activity that has longer processing 
time has to start in advance. 
Therefore, it is required to develop a suitable conformance checking method for manufacturing 
industry. Section 1.3 presents the objectives of this study based on the problems. 
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1.3. Objectives 
The objectives of this paper are as follows: 
i) to subdivide the relation of activities to create fitness checks that are more applicable, based 
on the control-flow perspective;  
ii) to develop the fitness, based on the time perspective considering deadlines and the processing 
time of each activity; and  
iii) to propose a comprehensive fitness check using both the time perspective and the control-flow 
perspective. The directions for achieving the objectives will be discussed in detail. 
First, the subdivision of the relation of the activities is discussed in Section 3.3.1. The parallel 
relation is then subdivided by considering the orders that are started and completed in parallel. The 
fitness of the control-flow is then suggested by reflecting on the subdivided relations. 
Second, developing the fitness based on the time perspective is discussed in Section 3.3.2. We 
propose two aspects for the time perspective to quantify the compliance of actual processes according 
to the planned processes. The first is deadline-based fitness, which can compare the deadlines of each 
activity in the actual and the planned processes, and the second is processing time-based fitness, which 
can make a comparison between the processing times of activities in the actual and the planned 
processes.  
Lastly, the comprehensive fitness is explained in Section 3.3.3. We propose the comprehensive 
fitness value to quantify the degree of conformance between the planned processes and actual processes, 
including the control-flow and the time perspectives. 
 
1.4. Organization of Thesis 
This paper is organized as follows. In Section 2, we introduce related works which are process mining 
and conformance checking, one of process mining types. Section 3 propose an approach to check 
conformance with the control-flow perspective and the time perspective. In Section 4, we validate the 
proposed approach in the Section 3 using actual event logs from a manufacturing company and conclude 
this paper with summary, contributions, limitation, and future works in Section 5. 
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II. Related Works 
 
The method we proposed is related to one of disciplines of process mining, conformance checking. In 
this section, we explain a short summary of process mining and discuss related works of conformance 
checking in detail. 
 
2.1. Process Mining 
The purpose of process mining is to discover, monitor, and improve actual processes from event logs 
recorded by Process-aware Information Systems (PAISs) such as enterprise resource planning (ERP), 
workflow management (WFM), customer relationship management (CRM), supply chain management 
(SCM), and product data management (PDM) systems (Rozinat et al., 2009; van der Aalst et al., 2007; 
van der Aalst et al., 2010; van der Aalst et al., 2012). Event logs are recorded by events in a consecutive 
order, and each event has an activity related to a case. In addition, the event can have a timestamp and 
resource (van der Aalst et al., 2012). Process mining is composed of discovery, conformance checking, 
and enhancement. Discovery is to derive models from event logs. The alpha algorithm, heuristic mining, 
fuzzy mining, inductive logic programming, genetic algorithms etc. are examples of discovery 
techniques (van der Aalst et al., 2004; Gunther and van der Aalst, 2007; Goedertier et al., 2009; van der 
Aalst et al., 2005). Conformance checking is to compare a given model with corresponding event logs, 
and enhancement is to extend or improve a model using observed behaviors (Song and van der Aalst, 
2008; van der Aalst et al., 2007). 
Likewise, process mining has many techniques applicable for analyzing processes. Therefore, 
process mining has been applied in many domains, such as healthcare, service, logistics, public 
administration, manufacturing, insurance agency, media company and so forth. For example, Mans et 
al. provided insights for hospital processes by applying various process mining techniques in a control-
flow perspective, organizational perspective, and performance perspective (Mans et al., 2009). De 
Weerdt et al. proposed a framework for actual process analysis in a multifaceted financial service 
industry using process mining (De Weerdt et al., 2013). In addition, van der Aalst et al. applied process 
mining to the Dutch National Public Works Department managing roads and bridges to analyze invoice 
processes (van der Aalst et al., 2007), Bozkaya et al. suggested a methodology for process diagnostic 
based on process mining and applied it to processes of government agencies (Bozkaya et al., 2009), 
Jeon et al. proposed a conceptual framework for identifying causes of inefficiency in port logistics using 
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process mining (Jeon et al., 2013), and Bose et al. introduced the topic of concept drift to analyze 
changes of process based on event logs of insurance agency (Bose et al., 2011). 
However, there have been few studies in the manufacturing industries, except for Rozinat et al., 
Son et al., and Park et al. (Rozinat et al., 2009; Son et al., 2014; Park et al., 2014). In addition to a 
shortage of application cases, previous studies are difficult to apply to manufacturing industries because 
those focused on process discovery and the performance analysis. Thus, this paper proposes a method 
of manufacturing process analysis applying process mining focusing on conformance checking analysis.  
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2.2. Conformance Checking 
Conformance checking, also called conformance analysis, aims to identify deviations between process 
models and corresponding event logs, and to quantify the deviations by metrics (Rozinat and van der 
Aalst, 2008; van der Aalst et al., 2012). In addition, fitness helps to determine whether a process model 
is good or not by comparing event logs, which record actual processes and models, via conformance 
checking (Adriansyah et al., 2011). Conformance checking can be utilized to detect fraud or inefficiency, 
and to analyze the performance of actual processes (van der Aalst, 2011). Furthermore, it can help with 
process repair (Song et al., 2009; Eck, 2013). 
Related to conformance checking is fitness. Fitness refers to the quantified value of the rate at 
which the event logs match the models. It has a value between 0 and 1, and the closer the fitness is to 
1.0, the more consistent the event logs and models are. To measure fitness, existing research related to 
conformance checking has proposed methods that mainly utilize the concepts of footprint, token 
replay, and alignment. Each of these concepts will be described in the following sections. 
 
2.2.1. Token replay 
According to van der Aalst et al., token replay, also called token-game, is a method of identifying the 
difference between process models and event logs by replaying the cases in event logs to process models 
(van der Aalst et al., 2012). Based on replaying tokens to the model, traces that do not match the model 
have to be counted to calculate the fitness. For measuring fitness, we use notions of produced tokens, 
consumed tokens, missing tokens, and remaining tokens. To enhance understanding, we provide an 
example related to computing token-based fitness. In the example, we are going to measure the degree 
of fitness between a model shown in Figure 1 and the trace σ1= <A, B, D, C>. If tokens move from an 
activity to an activity in the model in accordance with the trace, the produced, consumed, missing, and 
remaining tokens can be computed. As a result, the number of produced and consumed tokens is six. 
Furthermore, a missing and a remaining token occur at a place existing between activities C and D, as 
represented in Figure 1. Based on the computed values, we get 0.8333 as a fitness value through the 
matrix fitnessሺσ, Nሻ ൌ ଵଶ ቀ1 െ
ெ
஼ቁ ൅
ଵ
ଶ ቀ1 െ
ோ
௉ቁ.  
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Figure 1. A token based analysis result on a petri net model 
 
Thus far, we have examined token-based fitness. This token replay has an advantage in that it 
is easy to determine where a problem occurs based on the model. However, there is the drawback of 
long processing time to compute the fitness. Another drawback can occur in the event of the following 
case. If there is invisible or duplicate activity in the logs, fitness would be computed using the shortest 
sequence. This would eventually cause the number of missing and remaining tokens to be minimized; 
thus, the derived result would be too optimistic compared to the actual situation. That is, although the 
derived results are closer to 1, the conformance between the models and event logs may in fact be low. 
In addition, token-based fitness has recently been computed based on various types of models. Weijters 
and Ribeiro extended a method of computation based on a heuristic net as well as a petri net to 
complement the limitation of existing research, which can only compute based on petri net (Weijters 
and Ribeiro, 2011). Nevertheless, a flaw related to the model type is that only a petri net can be used to 
make a meaningful diagnosis. 
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2.2.2. Footprints based 
Footprint-based fitness is a method to measure fitness by comparing the footprints of models and the 
footprints of event logs (van der Aalst et al., 2005; van der Aalst, 2012). A footprint is composed of 
activity relations, namely causality, parallel and choice relations. That activity A and activity B have 
causality means that activity A is performed and then activity B is performed, but it is impossible that 
activity B is performed before activity A. In a parallel relation, it is possible that any activity can precede 
another. Lastly, in the case of a choice relation, activity A and activity B are not related to each other. 
Based on the activity relations, footprints of models and event logs can be derived. Quantifying fitness 
can be done by comparing these footprints. In Table 1, examples of footprints of process models and 
event logs are provided. 
Table 1. Examples of footprints of process model (left) and event logs (right) 
 
 
Comparing derived activity relations of models and event logs, there are eight mismatch 
relations which are expressed in bold. To compute fitness, we substitute the values in the matrix 
fitnessሺσ, Nሻ ൌ 1 െ ்௛௘	௡௨௠௕௘௥	௢௙	௡௢௧	௠௔௧௖௛௘ௗ	௖௘௟௟௦்௛௘	௡௨௠௕௘௥	௢௙	௔௟௟	௖௘௟௟௦  and the fitness value of 0.50 is obtained. 
An advantage of footprint-based conformance checking is that it is applicable to any cases that 
are model-to-model or log-to-log comparisons, as well as to log-to-model comparisons. In model-to-
model and log-to-log comparisons, as with log-to-model comparisons, each footprint must first be 
derived, and the fitness thereof can then be measured by comparing the footprints. In addition, it is 
possible to check processes with constraints so called business rules using footprint-based fitness (van 
der Aalst et al., 2005). However, there is a limitation in that it may derive inappropriate fitness values 
when checking complex process models because of not reflecting the number of traces.  
 A B C D   A B C D 
A # → → #  A # → → → 
B ← # # →  B ← # || || 
C ← # # →  C ← || # || 
D # ← ← #  D ← || || # 
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2.2.3. Alignment-based approach 
One of conformance checking techniques is based on alignment. To align process models and event 
logs, understanding the concept of “move” is a prerequisite (Adriansyah et al., 2011; van der Aalst et 
al., 2012). There are four kinds of moves, namely move in log, move in model, move in both, and illegal 
move. Before providing a specific description, a pair (x, y) indicates “move x in log” and “move y in 
model”, and ⊥ means “no move in log” or “no move in model”. Based on this, (x, y) is a move in log 
in of the event that only y is ⊥. Also, (x, y) is a move in model in of the event that only x is ⊥, a move 
in both x and y are not ⊥, and in an illegal move both x and y are ⊥. Each cost, which occurs due to 
the penalty of discordance between models and event logs, can be varied. By utilizing the computation 
of these costs, the fitness can be measured. 
The alignment-based fitness is measured by comparing the cost of optimal alignments and the 
cost of worst-case scenarios. An optimal alignment refers to an alignment that incurs the lowest cost, 
and there could be many. The worst-case scenario consists of moves in log for observed events and the 
shortest path with only moves in the model (i.e., never move both). For a better understanding of 
alignment-based fitness, the method of estimating fitness is explained using following example. 
Table 2. An example of alignments 
Log A ⊥ C D 
Model ⊥ B C D 
 
In Table 2, the first row is the trace in the event log and the second is the optimal run of the 
model based on the trace in the event log. According to the example, there is a move in log at activity 
A, but there is a move in model at activity B. Here, we assume the cost of the move in log is 2 and the 
cost of the move in model is 4, and the cost of the move in both is 0. Then, using the formula 
fitnessሺL,Mሻ ൌ 1 െ ஼௢௦௧	௢௙	௢௣௧௜௠௔௟	௔௟௜௚௡௠௘௡௧஼௢௦௧	௢௙	௪௢௥௦௧	௖௔௦௘	௦௖௘௡௔௥௜௢, the result from measuring the fitness is 0.6111. 
One of the advantages of the alignment-based conformance checking technique is that it is made 
flexible by adjusting the cost structure. Also, it is possible to utilize sophisticated diagnostics and to 
check conformance by adding various quality dimensions (de Leoni et al., 2012). However, the 
drawback is that the processing time to compute the fitness is too long as a result of having to find the 
closest matching path (van der Aalst et al., 2012).  
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III. A Methodology for Conformance Checking Using Control-flow 
Perspective and Time Perspective 
 
3.1. Overview 
As mentioned in Section 1, this paper aims to develop a measurement to figure out how much the actual 
process coincide with planned or standard process through comparison based on manufacturing data. 
In order to achieve such goal, this paper focuses on one of the Process mining types called 
‘Conformance checking’. Conformance checking is a type that compares a model with the 
corresponding log. However, the existing way of research has only considered the perspective of 
Control-flow to measure the fitness. In contrast to the existing research, the way of conformance 
checking that this paper proposes takes not only the perspective of control-flow but also the time 
perspective into account so that it can expand the existing way of research. Figure 2 describes the way 
to measure fitness which takes both the perspective of Control-flow and time into consideration. 
 
Figure 2. A Method for conformance checking on manufacturing processes 
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The standard model and the corresponding actual process log to be measured are drawn from 
MES (Manufacturing Execution System). The part to be measured from the model and the log that are 
drawn is divided in terms of the three perspectives of Control-flow and time. The measurement is then 
proceeded accordingly. The focus of the perspective from Control-flow is to arrange the activities 
according to time and to compare the relationships among the activities. What is added to the existing 
relations is that the activities in parallel relation are divided further for more precise comparison. More 
details will be discussed in Section 3.2 and Section 3.4.1. Time perspective focuses on comparing the 
planned Processing time or deadline for each activity to that of the actual log. Time perspective will 
also be discussed in more detail in Section 3.4.2. As the planned process and the actual process coincide 
more, the values of the results from each perspective would approach 1.0. On the other hand, as the gap 
between the planned and the actual process become bigger, the resulting values would approach 0. After 
the results calculated from each perspective are collected, we can gain the overall measurement value 
by assigning weights to each value respectively. Precise methods to measure fitness will be explained 
after the introduction of preliminaries. 
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3.2. Preliminaries 
Before getting to the details about the methods to calculate fitness for each perspective, we will discuss 
the concepts which form the basis of the main research. First of all, we will define the model and the 
event log that are drawn from MES like described in Section 3.1 (van der Aalst and Song, 2004). 
Definition 1. Models 
Let model M be a 2-tuple of PA and PR, PA be a set of pa, PR be a set of pr. i.e. M = PA ൈ PR where 
݌ܽ௜ ∈ ܲܣ, ݌ݎ௜ ∈ ܴܲ and ߨ݊ is the value of attribute n.  
• Each planned activity pai is a set that consists of casei, activityi, planned start timei, planned 
complete timei, planned groupi, planned resourcei where pai, i = 0,1,…,n. i.e. pai = {casei, 
activityi, planned start timei, planned complete timei, planned groupi, planned resourcei}. 
• Each planned relation prj is a set that consists of pak, pal, planned relationj. i.e. prj={pak, pal, 
planned relationj} 
where ߨ௣௟௔௡௡௘ௗ	௦௧௔௥௧	௧௜௠௘ሺ݌ܽ௞ሻ ൑ ߨ௣௟௔௡௡௘ௗ	௦௧௔௥௧	௧௜௠௘ሺ݌ܽ௟ሻ	ܽ݊݀	݇ ് ݈. 
pa defines the planned start time, complete time, group and resource for each activity. pr defines 
the relation between two pas. When defining the relation between two pas, activities are arranged by 
the planned start time beforehand to avoid redundant relations. For example, assuming that k precedes 
l, only the relation between pak and pal is defined while the relation between pal and pak is not defined. 
Planned relation type which is one of the attributes of PR includes ||-1,||-2,…,||-9 which is defined by 
the representation of causality (→, ←) and parallel. i.e. Planned relation type = {→,←,||-1,||-2,||-3,||-
4,||-5,||-6,||-7,||-8,||-9}. Table 3 schematizes the relations among activities. We will deal with more details 
later in Section 3.4.1. 
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Table 3. Schema of activity relation 
Relation Example Description 
→ 
 
pa 1 is followed by pa2. 
← 
 
pa2 is followed by pa1. 
||-1 
 
pa1 starts before pa2 starts and pa1 
ends before pa2 ends. 
||-2 
 
pa1 starts before pa2 starts and pa1 
and pa2 end at the same time. 
||-3 
 
pa1 starts before pa2 starts and pa1 
ends after pa2 ends. 
||-4 
 
pa1 and pa2 starts at the same time 
and pa1 ends before pa2 ends. 
||-5 
 
pa1 and pa2 starts simultaneously and 
pa1 and pa2 ends at the same time.
||-6 
 
pa1 and pa2 starts at the same time 
and pa1 ends after pa2 ends. 
||-7 
 
pa1 starts after pa2 starts and pa1 
ends before pa2 ends. 
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||-8 
 
pa1 starts after pa2 starts and pa1 and 
pa2 end at the same time. 
||-9 
 
pa1 starts after pa2 starts and pa1 
ends after pa2 ends. 
 
After each pa that shows the required activities to be performed and the planned schedules to 
be followed is set, pr which defines the relations among pas is established. In other words, pr defines 
what kind of relation type activities have among one another. 
Next, we present definition of event logs. 
Definition 2. Event logs 
Let E is the universe of events, an event ej = {pai, start timej, complete timej, groupj, resourcej}, j = 
0,1,…,n and j is assigned in the order of start time. ߨ݊ is the value of attribute n. 
Events include the information about the actual activities that correspond to the planned 
activities. In other words, events contain information about a certain pai ranging from when pai actually 
started (i.e. start timej), when it actually ended (i.e. complete timej), which group did it perform in (i.e. 
groupj) to which resource was it performed by (i.e. resourcej). The set of events that belong to each case 
is defined as event log. Next part will explain examples of model and event log in detail. 
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3.3. Running Example 
We present a running example to explain how to apply the proposed method in this paper. The goal in 
our research is to know how well an actual manufacturing process performs on the basis of a planned 
manufacturing process under the control-flow and time perspective. According to this goal, we checked 
conformance of a model and an event log we presented in the running example. To aid understanding 
of the overall proposed method, we made a model and an event log considering various conditions 
caused in the manufacturing processes. 
Here, there are several issues in manufacturing processes. Among them, delay is one of the 
most important. Delay of an activity in manufacturing processes incurs various costs. For example, if a 
product was not completed on time, the whole orders may be cancelled. That is, a delay can cause 
terrible damage to a manufacturing company. Thus, to identify and manage delays in advance is 
paramount in the manufacturing industry. Based on this consideration, it is required to check 
conformance of manufacturing processes in the time perspective through the proposed fitness. Under 
the time perspective, the deadline and processing time of each activity have to be identified through the 
difference between the actual and the planned processes according to two approaches of delay, which 
are deadline and processing time. The two approaches are both necessary to complement each other. 
Comparing the actual and the planned processes based on deadline can be utilized when penalty cost is 
more likely to incur increase of overall cost compared to other instances. For example, manufacturing 
industries that focus on conducting enormous projects such as aviation, shipbuilding, construction, and 
so on mostly concentrate on deadline. On the contrary, comparison between the actual and planned 
processes based on processing time is also important when operation costs account for a substantial 
proportion of total cost. This is why we diversify fitness on the time perspective to two approaches. 
Next, manufacturing industry needs to detect activity relations in more detail to prevent delays 
in manufacturing processes. In the research related to conformance checking, there are relations 
including causality, parallel relation, and choice. However, in the case of parallel relation, it has to be 
classified in more detail in the manufacturing industry. In other words, there is a need to compare 
parallel relations considering the order of starting and completing of activities. For example, pre-tasks 
that take place before an assembly activity have to end at the same time to decrease delay, as mentioned 
in Section 1.2. Likewise, depending on characteristics of activity, manufacturing processes have to be 
compared not only with established relations but also in detail concerning a given case in parallel 
relation. 
At first, a model and an event log of running example will be presented. Firstly, we suggest a 
model of the running example mentioned in Definition 1 in previous section. In Table 4, there are 5 pas, 
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pa1, pa2, pa3, pa4 and pa5 that are required to be performed when manufacturing a certain product. 
Each pa has specific case, activity name, planned start time, planned complete time, planned group and 
planned resource respectively. 
 
Table 4. An example of PA 
pa case activity planned start time 
planned 
complete time
planned 
group 
planned 
resource 
pa1 Case_1 Activity_0 2014-01-13 2014-01-23 Group_0 Resource_0
pa2 Case_1 Activity_1 2014-01-24 2014-03-16 Group_1 Resource_1
pa3 Case_1 Activity_2 2014-03-13 2014-04-10 Group_2 Resource_2
pa4 Case_1 Activity_3 2014-05-01 2014-05-26 Group_3 Resource_3
pa5 Case_1 Activity_4 2014-05-27 2014-09-04 Group_4 Resource_4
 
For instance, we can infer from pa1 that Activity_0 from Case_1 is planned to be started in 
2014-01-14 by Resource_0 from Group_0 and is expected to be completed in 2014-01-24. This can be 
rewritten as follows: pa1={Case_1, Activity_0, 2014-01-13, 2014-01-23, Group_0, Resource_0}, 
pa2={Case_1, Activity_1, 2014-01-24, 2014-03-16, Group_1, Resource_1}, pa3={Case_1, Activity_2, 
2014-03-13, 2014-04-10, Group_2, Resource_2}, pa4={Case_1, Activity_3, 2014-05-01, 2014-05-26, 
Group_3, Resource_3}, pa5={Case_1, Activity_4, 2014-05-27, 2014-09-04, Group_4, Resource_4}. 
An example of PR defined based on PA as mentioned before is shown below. 
 
Table 5. An example of PR 
pr pa pa planned relation type 
pr1 pa1 pa2 → 
pr2 pa1 pa3 → 
pr3 pa2 pa3 ||-1 
pr4 pa2 pa4 → 
pr5 pa3 pa4 → 
pr6 pa4 pa5 → 
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According to pr3, the relation between pa1 and pa2 has ||-1 relation type. In addition, from pr5, 
we can see that pa3 precedes pa4. Likewise, pr is only concerned with pas which have specific relations 
among themselves. 
To put together the roles of PA and PR, it can be said that, model M = {(Case_1, Activity_0, 
2014-01-13, 2014-01-23, Group_0, Resource_0, Activity_1, 2014-01-24, 2014-03-16, Group_1, 
Resource_1, →), (Case_1, Activity_0, 2014-01-13, 2014-01-23, Group_0, Resource_0, Activity_2, 
2014-03-13, 2014-04-10, Group_2, Resource_2, →), (Case_1, Activity_1, 2014-01-24, 2014-03-16, 
Group_1, Resource_1, Activity_2, 2014-03-13, 2014-04-10, Group_2, Resource_2, ||-1), (Case_1, 
Activity_1, 2014-01-24, 2014-03-16, Group_1, Resource_1, Activity_3, 2014-05-01, 2014-05-26, 
Group_3, Resource_3, →), (Case_1, Activity_2, 2014-03-13, 2014-04-10, Group_2, Resource_2, 
Activity_3, 2014-05-01, 2014-05-26, Group_3, Resource_3, →), (Case_1, Activity_3, 2014-05-01, 
2014-05-26, Group_3, Resource_3, Activity_4, 2014-05-27, 2014-09-04, Group_4, Resource_4, →)}. 
So far, we have discussed the concepts related to model. Now we propose an example for better 
understanding of the concept of event log. The activities which are executed and the related information 
are drawn according to the event log as shown in Table 6. 
 
Table 6. An example of event logs 
 
There are five activities in total similar to the planned model that are actually executed which 
are e1, e2, e3, e4 and e5. Each event contains information related to the corresponding pa and 
information about the actual start time, complete time, group and resource. For example, in case of 
e1={Case_1, Activity_0, 2014-01-13, 2014-01-23, Group_0, Resource_0, 2014-02-09, 2014-02-23, 
Group_0, Resource_0}, pa(pa1) contains all the information of case (Case_1), activity (Activity_0), 
planned start date (2014-01-13), planned complete date (2014-01-23), planned group (Group_0) and 
e pa Start time Complete time group resource 
e1 pa1 2014-02-09 2014-02-23 Group_0 Resource_0 
e2 pa2 2014-02-21 2014-03-19 Group_1 Resource_1 
e3 pa3 2014-02-20 2014-04-23 Group_2 Resource_3 
e4 pa4 2014-05-05 2014-06-13 Group_3 Resource_16
e5 pa5 2014-06-14 2014-09-30 Group_4 Resource_5 
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planned resource (Resource_0) along with the actual information that Resource_0 from Group_0 has 
started Activity_0 in 2014-02-09 and completed in 2014-02-23. Based on the model and event log 
presented above, we will try to calculate fitness through the method that is proposed in Section 3.4. 
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3.4. Computation of Fitness 
In this section, we calculate fitness from the control-flow perspective and the time perspective based 
on the models and the event logs presented in Section 3.3. The details are explained below. 
 
3.4.1. Control-flow perspective 
The control-flow perspective, which is also known as the process perspective, focuses on the order of 
activities (van der Aalst et al., 2007). The perspective aims to determine how much the workflow of 
models and event logs match each other by comparing them. In order to calculate fitness from the 
control-flow perspective, the extraction of relations among activities within the logs need to be done 
first. Unlike models, the relations among activities cannot be drawn directly from logs. Therefore, a 
method to draw relations based on the recorded event logs is required. The relations among activities 
consist of 11 relations as shown in Section 3.2. The method to draw such relations is as follows. 
Definition 3. Deriving relations of activities in event logs 
We assume that ek,el∈E and 0൑ k ൏ l ൑ n. Relations in event logs can be deducted as following. 
• Let → Causality where ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௞ሻ ൑ ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௟ሻ. 
• Let || Parallel where ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௞ሻ ൐ ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௟ሻ. 
However, in case of parallel relation in manufacturing industry, further consideration is required. 
Hence, concerning the events which satisfy parallel relation, we try to draw more detailed parallel 
relations through methods presented in Table 7.  
29 
 
Table 7. Conditions of parallel relation in detail 
Relation Condition 
||-1 ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௞ሻ ൏ ߨ௦௧௔௥௧ ௧௜௠௘ሺ݁௟ሻ ∧ ߨ௖௢௠௣௟௘௧௘ ௧௜௠௘ሺ݁௞ሻ ൏ ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௟ሻ
||-2 ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௞ሻ ൏ ߨ௦௧௔௥௧ ௧௜௠௘ሺ݁௟ሻ ∧ ߨ௖௢௠௣௟௘௧௘ ௧௜௠௘ሺ݁௞ሻ ൌ ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௟ሻ
||-3 ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௞ሻ ൏ ߨ௦௧௔௥௧ ௧௜௠௘ሺ݁௟ሻ ∧ ߨ௖௢௠௣௟௘௧௘ ௧௜௠௘ሺ݁௞ሻ ൐ ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௟ሻ
||-4 ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௞ሻ ൌ ߨ௦௧௔௥௧ ௧௜௠௘ሺ݁௟ሻ ∧ ߨ௖௢௠௣௟௘௧௘ ௧௜௠௘ሺ݁௞ሻ ൏ ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௟ሻ
||-5 ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௞ሻ ൌ ߨ௦௧௔௥௧ ௧௜௠௘ሺ݁௟ሻ ∧ ߨ௖௢௠௣௟௘௧௘ ௧௜௠௘ሺ݁௞ሻ ൌ ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௟ሻ
||-6 ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௞ሻ ൌ ߨ௦௧௔௥௧ ௧௜௠௘ሺ݁௟ሻ ∧ ߨ௖௢௠௣௟௘௧௘ ௧௜௠௘ሺ݁௞ሻ ൐ ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௟ሻ
||-7 ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௞ሻ ൐ ߨ௦௧௔௥௧ ௧௜௠௘ሺ݁௟ሻ ∧ ߨ௖௢௠௣௟௘௧௘ ௧௜௠௘ሺ݁௞ሻ ൏ ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௟ሻ
||-8 ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௞ሻ ൐ ߨ௦௧௔௥௧ ௧௜௠௘ሺ݁௟ሻ ∧ ߨ௖௢௠௣௟௘௧௘ ௧௜௠௘ሺ݁௞ሻ ൌ ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௟ሻ
||-9 ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௞ሻ ൐ ߨ௦௧௔௥௧ ௧௜௠௘ሺ݁௟ሻ ∧ ߨ௖௢௠௣௟௘௧௘ ௧௜௠௘ሺ݁௞ሻ ൐ ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௟ሻ
 
If we create actual relations with the same structure as PR using the entire recorded event log 
like in Table 5, it looks like Table 8. 
 
Table 8. Actual relations using event logs 
r pa pa relation type 
r1 pa1 pa2 ||-1 
r2 pa1 pa3 ||-1 
r3 pa1 pa4 → 
r4 pa1 pa5 → 
r5 pa2 pa3 ||-7 
r6 pa2 pa4 → 
r7 pa2 pa5 → 
r8 pa3 pa4 → 
r9 pa3 pa5 → 
r10 pa4 pa5 → 
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Here, we assume indirect succession as well as direct succession as causality in the process of 
deriving actual relations. Therefore, it is essential to add indirect succession as causality in planned 
relations. For example, when two activities have no relation, then we assume these activities have 
causality considering the order of activities. Based on the running example, the result of adding causality 
to planned relations is shown in Table 9. 
 
Table 9. An example of results of adding causality to PR 
pr pa pa planned relation type 
pr1 pa1 pa2 → 
pr2 pa1 pa3 → 
pr3 pa2 pa3 ||-1 
pr4 pa2 pa4 → 
pr5 pa3 pa4 → 
pr6 pa4 pa5 → 
pr7 pa1 pa4 → 
pr8 pa1 pa5 → 
pr9 pa2 pa5 → 
pr10 pa3 pa5 → 
 
After extracting relations from the log through the previously shown method, they are 
compared with the relations from the model having additional relations. Fitness is measured from the 
Control-flow perspective through comparison between the relations of the event log and the planned 
relations. Yet, diversification of the options to compare the relations among activities is required 
because there are cases where requirements of the relations drawn from the model and the actual log 
vary. For instance, it might be required for relations to be in basic relation where only conformance 
between causality and parallel relation are checked. Depending on the situation, it might also be required 
for relations to have coinciding starting or completing along with being in basic relation. This is because 
although a relation between two activities from the model and the actual log might coincide in a parallel 
relation, taking into consideration whether the two activities concurrently started or were completed 
might also be significant. For example, in order to reduce stockpiling expense and to accurately meet 
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the appointed date of payment, it is important for the preceding activities to be completed 
simultaneously before starting the assembly work (relation comparison of completing). Hence, we 
present a flexible metrics that can satisfy the following conditions by assigning different weights so that 
measurement of fitness can be applied in various industries is possible. In Definition 4, a method to 
calculate average matched rate of causality, matched relation, matched starting in parallel and matched 
completing in parallel is presented through comparing actual relations and the planned relations. 
Definition 4. Matched rate of each relation 
• Matched causality(PR,R) = 
∑ ൜ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻୀ௖௔௨௦௔௟௜௧௬	∧	గ೛೗ೌ೙೙೐೏	ೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௣௥ሻୀ௖௔௨௦௔௟௜௧௬଴ ௢௧௛௘௥௪௜௦௘బರ೔ರ|ೝ|
∑ ൜ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻୀ௖௔௨௦௔௟௜௧௬଴ ௢௧௛௘௥௪௜௦௘బರ೔ರ|ೝ|
 
 
• Matched parallel(PR,R) = 
∑ ൜ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻஷ௖௔௨௦௔௟௜௧௬	∧	గ೛೗ೌ೙೙೐೏	ೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௣௥ሻஷ௖௔௨௦௔௟௜௧௬଴ ௢௧௛௘௥௪௜௦௘బರ೔ರ|ೝ|
∑ ൜ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻஷ௖௔௨௦௔௟௜௧௬଴ ௢௧௛௘௥௪௜௦௘బರ೔ರ|ೝ|
 
 
• Matched starting in parallel(PR,R) = 
∑
ۖە
۔
ۖۓ ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻୀሺ||ିଵ∨||ିଶ∨||ିଷሻ∧	గ೛೗ೌ೙೙೐೏	ೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௣௥ሻୀሺ||ିଵ∨||ିଶ∨||ିଷሻ
௢௥	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻୀሺ||ିସ∨||ିହ∨||ି଺ሻ∧	గ೛೗ೌ೙೙೐೏	ೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௣௥ሻୀሺ||ିସ∨||ିହ∨||ି଺ሻ
௢௥	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻୀሺ||ି଻∨||ି଼∨||ିଽሻ∧	గ೛೗ೌ೙೙೐೏	ೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௣௥ሻୀሺ||ି଻∨||ି଼∨||ିଽሻ
଴ ௢௧௛௘௥௪௜௦௘
బರ೔ರ|ೝ|
∑ ൜ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻஷ௖௔௨௦௔௟௜௧௬଴ ௢௧௛௘௥௪௜௦௘బರ೔ರ|ೝ|
 
 
• Matched completing in parallel(PR,R) = 
∑
ۖە
۔
ۖۓ ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻୀሺ||ିଵ∨||ିସ∨||ି଻ሻ∧	గ೛೗ೌ೙೙೐೏	ೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௣௥ሻୀሺ||ିଵ∨||ିସ∨||ି଻ሻ
௢௥	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻୀሺ||ିଶ∨||ିହ∨||ି଼ሻ∧	గ೛೗ೌ೙೙೐೏	ೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௣௥ሻୀሺ||ିଶ∨||ିହ∨||ି଼ሻ
௢௥	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻୀሺ||ିଷ∨||ି଺∨||ିଽሻ∧	గ೛೗ೌ೙೙೐೏	ೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௣௥ሻୀሺ||ିଷ∨||ି଺∨||ିଽሻ
଴ ௢௧௛௘௥௪௜௦௘
బರ೔ರ|ೝ|
∑ ൜ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻஷ௖௔௨௦௔௟௜௧௬଴ ௢௧௛௘௥௪௜௦௘బರ೔ರ|ೝ|
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After calculate the matched rate of each relation, we can calculate fitness based on the control-flow 
perspective. In case of determining fitness of only each relation, the result of matched rate presented in 
definition 4 can be used. However, to calculate more synthetic fitness, there are two options; one is 
utilizing causality and parallel, and the other is utilizing starting and completing in parallel. Definition 
5 explains methods to calculate fitness from the control-flow perspective which puts together what has 
been mentioned so far is presented. 
Definition 5. Fitness on control-flow perspective 
• Option 1. Fitness on control-flow perspective considering causality and parallel 
FCሺPR, Rሻ ൌ ܿ ∗ ܯܽݐ݄ܿ݁݀	ܿܽݑݏ݈ܽ݅ݐݕሺܴܲ, ܴሻ ൅ ݌ ∗ ܯܽݐ݄ܿ݁݀	݌ܽݎ݈݈݈ܽ݁ሺܴܲ, ܴሻ|ݎ| 	 
ݓ݄݁ݎ݁	ܿ ൌ෍ ൜1 ݂݅	ߨ௥௘௟௔௧௜௢௡	௧௬௣௘ሺݎሻ ൌ ܿܽݑݏ݈ܽ݅ݐݕ0 ݋ݐ݄݁ݎݓ݅ݏ݁଴ஸ௜ஸ|௥| ,
݌ ൌ෍ ൜1 ݂݅	ߨ௥௘௟௔௧௜௢௡	௧௬௣௘ሺݎሻ ് ܿܽݑݏ݈ܽ݅ݐݕ0 ݋ݐ݄݁ݎݓ݅ݏ݁଴ஸ௜ஸ|௥|  
 
• Option 2. Fitness on control-flow perspective considering parallel in detail 
FCሺPR, Rሻ ൌ 	ߙ ∗ ܯܽݐ݄ܿ݁݀	ݏݐܽݎݐ݅݊݃	݅݊	݌ܽݎ݈݈݈ܽ݁ሺܴܲ, ܴሻ ൅ ሺ1 െ ߙሻ
∗ ܯܽݐ݄ܿ݁݀	ܿ݋݉݌݈݁ݐ݅݊݃	݅݊	݌ܽݎ݈݈݈ܽ݁ሺܴܲ, ܴሻ 
	ݓ݄݁ݎ݁	0 ൑ ߙ ൑ 1 
Like shown above, option 1 is for deriving fitness on control-flow perspective considering 
causality and parallel. This method calculates the fitness by adding weights to each matched rate in 
consideration of each frequency of relation. Next, option 2 is for calculating fitness on control-flow 
perspective considering parallel relation in detail. By this option, a fitness can be obtained by controlling 
the variables for α. A step for getting results by utilizing the running example is below. 
Before deriving the fitness on control-flow perspective by utilizing the running example, 
planned relations and actual relations derived from event logs are presented again to help the 
understanding. The model and the event log which are the comparison targets are shown in Table 10. 
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Table 10. Examples of planned relations (models) and relations (event logs) 
  
 
First of all, we will find Matched causality using the running example. The denominator is 7. 
It is the number of causalities from the relations in the event log. The numerator is 7 which indicates 
that the relation type of the event log and the relation type of the model coincide. We can rewrite the 
description of numerator and the denominator as ଻଻ ൌ 1.0. Secondly, to calculate Matched parallel, we 
take 3 which is the number of parallels among the relations in the event log as the denominator and also 
take 1 as the numerator which is the number of matched relation types from the event log and the model. 
The resulting value is ଵଷ ൌ 0.3333. In the case of Matched starting in parallel, the denominator is 3 
which is the number of parallels in the relations of the event log. The numerator is 0 which is the number 
of concurrences concerning starting parallels. Therefore, it is ଴ଷ ൌ 0 . Furthermore, for Matched 
completing in parallel, the denominator is the same as in Matched parallel which is 3. The numerator 
is the number of concurrences based on the completing parallel relation which is 1 (pr3: ||-1, r5: ||-7). It 
is be rewritten as ଵଷ ൌ 0.3333. 
With the previous findings, we can find the fitness on the control-flow perspective by two 
options. In accordance with option 1, we can derive fitness as follow. 
FCሺPR, Rሻ ൌ 7 ∗ 1.0 ൅ 3 ∗ 0.333310 ൌ 0.8 
pr pa Pa 
Planned
relation
type 
 r pa pa relation type 
pr1 pa1 pa2 →  r1 pa1 pa2 ||-1 
pr2 pa1 pa3 →  r2 pa1 pa3 ||-1 
pr3 pa2 pa3 ||-1  r3 pa1 pa4 → 
pr4 pa2 pa4 →  r4 pa1 pa5 → 
pr5 pa3 pa4 →  r5 pa2 pa3 ||-7 
pr6 pa4 pa5 →  r6 pa2 pa4 → 
pr7 pa1 pa4 →  r7 pa2 pa5 → 
pr8 pa1 pa5 →  r8 pa3 pa4 → 
pr9 pa2 pa5 →  r9 pa3 pa5 → 
pr10 pa3 pa5 →  r10 pa4 pa5 → 
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|r|, the number of actual relations derived event log is 10. In addition, c and p, the numbers of causality 
and parallel relation are 7 and 3 respectively. So, we can get fitness as 0.8 through option 1. 
Next, option 2 can find the fitness by weighing each part differently according to its importance. 
In this example, we assume that completing parallel is more important than starting parallels. Under 
such condition, let us assume that the default value 0.3 is given. Based on these assumptions, the result 
of the calculation after assigning randomly the value 0.3 to α is as follows. 
FCሺPR, Rሻ ൌ 	0.3 ∗ 0 ൅ ሺ1 െ 0.3ሻ ∗ 0.3333 ൌ 0.2333 
As the result, the fitness on the control-flow perspective considering parallel relation in detail 
is 0.2333. Based on these results, we identify that actual process generally conforms to the planned 
process (0.8), but if we take in more detail regarding parallel relation, few events are well performed 
on the basis of plan (0.2333).    
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3.4.2. Time perspective 
In real working environment of manufacturing industry, considering only the control-flow perspective 
from Section 3.4.1 is not enough. Despite the importance of the order and relations of activities, we also 
need to consider the time perspective when understanding how much planned model and the actual logs 
coincide. One of the biggest reasons why the time perspective is indispensable is because various losses 
can occur from failing to meet the deadline. Therefore, we need to be aware of how much the standard 
or planned manufacturing process match with the actual manufacturing process from the time 
perspective in order to minimize the total penalty cost. As a result, this research proposes a method to 
test fitness from the time perspective. We intend to find the overall fitness by testing not only from the 
standard of activity completion due date but also from the standard of duration. 
Firstly, we present a method to compare models and event logs by the standard of activity 
completion deadline. We define the cases where the actual activities complete before the planned 
deadline as the cases that exactly coincide. However, for the cases where the actual activities complete 
after the planned deadline, we need to be able to express the degree of the difference in numerical value. 
In order to figure out how much the planned model and the actually executed process match with each 
other, we compare the elapsed time of the two processes from the planned starting date. In Definition 
6, a method to derive fitness based on the deadline is presented. 
Definition 6. Fitness based on deadline 
Fitness based on deadline (E) 
ൌ
∑ ቐ
1 ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௜ሻ ൑ ߨ௣௟௔௡௡௘ௗ	௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௜ሻ
ߨ௣௟௔௡௡௘ௗ	௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௜ሻ െ ߨ௣௟௔௡௡௘ௗ	௦௧௔௥௧	௧௜௠௘ሺ݁௜ሻ
ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௜ሻ െ ߨ௣௟௔௡௡௘ௗ	௦௧௔௥௧	௧௜௠௘ሺ݁௜ሻ ݋ݐ݄݁ݎݓ݅ݏ݁
଴ஸ௜ஸ|௘|
|݁|  
 
For example, based on e1={Case_1, Activity_0, 2014-01-13, 2014-01-23, Group_0, 
Resource_0, 2014-02-09, 2014-02-23, Group_0, Resource_0}, the fitness is not 1 since the complete 
time is later than the planned complete time. Therefore, if we calculate appropriately to the conditions, 
the result would be ሺଶ଴ଵସି଴ଵିଶଷሻିሺଶ଴ଵସି଴ଵିଵଷሻሺଶ଴ଵସି଴ଶିଶଷሻିሺଶ଴ଵସି଴ଵିଵଷሻ ൌ
ଵ଴
ସଵ ൌ 0.2439. Once we calculate for all five events 
through the same way, we can obtain average value of 0.6493. The fitness based on the deadline is 
0.6493. 
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Deriving fitness based on deadline is very useful when meeting deadline is important. However, 
one standard may not be enough for obtaining correct information. For example, even though the actual 
processing time of an activity is shorter than the planned processing time, the result would indicate that 
there have been a lot of deviations when calculating fitness based only on deadline. Furthermore, once 
an activity gets delayed, other activities after that are likely to fail in meeting the deadline as well 
causing errors by lowering the overall fitness. Due to the previously mentioned factors, we execute 
another test with the standard of processing time in order to supplement the method. Calculating fitness 
based on processing time focuses on the difference of processing time between planned and actual 
activity. Definition 7 shows the method to test fitness based on processing time. 
Definition 7. Fitness based on processing time 
• Planned processing time (ei) = ߨ௣௟௔௡௡௘ௗ	௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௜ሻ െ ߨ௣௟௔௡௡௘ௗ	௦௧௔௥௧	௧௜௠௘ሺ݁௜ሻ 
• Processing time (ei) = ߨ௖௢௠௣௟௘௧௘	௧௜௠௘ሺ݁௜ሻ െ ߨ௦௧௔௥௧	௧௜௠௘ሺ݁௜ሻ 
• Fitness based on processing time-based (E) 
= 
∑ ቐ
ଵ ௉௥௢௖௘௦௦௜௡௚	௧௜௠௘ሺ௘೔ሻஸ௉௟௔௡௡௘ௗ	௣௥௢௖௘௦௦௜௡௚	௧௜௠௘ሺ௘೔ሻ
ଵିುೝ೚೎೐ೞೞ೔೙೒	೟೔೘೐൫೐೔൯షು೗ೌ೙೙೐೏	೛ೝ೚೎೐ೞೞ೔೙೒	೟೔೘೐൫೐೔൯ುೝ೚೎೐ೞೞ೔೙೒	೟೔೘೐൫೐೔൯శು೗ೌ೙೙೐೏	೛ೝ೚೎೐ೞೞ೔೙೒	೟೔೘೐ሺ೐೔ሻ ௢௧௛௘௥௪௜௦௘
బರ೔ರ|೐|
|௘|  
Planned processing time means the time taken to execute an activity from planned process. It 
can be obtained by calculating the difference between planned complete time and planned start time. In 
the same way, actual processing time means the actual time taken to execute an activity from actual 
process and it can be obtained by calculating the difference between completion time and start time in 
the actual event. Fitness is calculated by comparing planned and actual processing time obtained 
through above mentioned ways. If the actual process time is shorter than the planned processing time, 
they are considered to match each other since the activity is completed within the planned processing 
time. On the other hand, if actual processing time is longer than planned processing time, we need to 
figure out the degree of how much longer it is and apply it the fitness value. As mentioned before, in 
this research, as actual and planned processes coincide, the fitness value approaches 1. On the contrary, 
the fitness value would approach 0 if the difference between them is larger. As a result, for the case 
where processing time is longer than planned processing time, we put the sum of two processing time 
in the denominator and the difference of the two in the numerator. After that, we subtract the value from 
1 to get the value of fitness. From this equation, the case where fitness approaches 0 is as follows. 
Although the value of the numerator is small or the value of the denominator is large to some degree, 
fitness gets closer to 1. We present an example to help the understanding. 
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For example, based on e4={Case_1, Activity_3, 2014-05-01, 2014-05-26, Group_3, 
Resource_3, 2014-05-05, 2014-06-13, Group_3, Resource_16}, we can calculate that the planned 
processing time is 25 days while the actual processing time is 39 days. Since the actual processing time 
is longer than the planned processing time, we need to figure out the degree of discordance. From the 
equation explained above, the sum of 25 and 39 which is 64 is substituted in the denominator and the 
difference which is 14 is substituted in the numerator. Then the outcome is subtracted from 1. The final 
value is 0.7813. On the contrary, from e2={Case_1, Activity_1, 2014-01-24, 2014-03-16, Group_1, 
Resource_1, 2014-02-21, 2014-03-19, Group_1, Resource_1}, we can see that the planned processing 
time is 51 days and the actual processing time is 26 days. The information implies that the fitness value 
is 1 because the actual processing time took less time than the planned processing time. Through this 
way, the given five events from previous examples are compared with the corresponding planned 
models. The average of the resulting values is 0.9389. Therefore, the standard fitness of processing time 
is 0.9389. 
In order to obtain the comprehensive fitness from the time perspective, we need to combine 
the two ways which are deadline based and processing time based. The combined method of fitness 
calculation is defined in Definition 8. 
Definition 8. Metrics based on the time perspective 
FTሺEሻ ൌ 	ߚ ∗ ܨ݅ݐ݊݁ݏݏ	ܾܽݏ݁݀	݋݊	݈݀݁ܽ݀݅݊݁ሺܧሻ ൅ ሺ1 െ ߚሻ ∗ ܨ݅ݐ݊݁ݏݏ	ܾܽݏ݁݀	݋݊	݌ݎ݋ܿ݁ݏݏ݅݊݃	ݐ݅݉݁ሺܧሻ	 
ݓ݄݁ݎ݁	0 ൑ ߚ ൑ 1 
Each fitness value can be controlled by assigning different weights according to its importance. 
For process where deadline is important, β can be given a high value. On the other hand, for process 
where processing time is important, β can be given a low value. 
We can apply the values which have been obtained so far. Fitness based on deadline is 0.6493 
while fitness based on processing time is 0.9389. Let us assume that the process that is concerned 
produces a product where penalty cost due to not meeting the deadline is bigger than the stockpiling 
cost of idle cost. In this case, since the value of α needs to be raised, it is given a value of 0.9 and the 
fitness is calculated from comprehensive time perspective as shown below. 
ftሺEሻ ൌ 	0.9 ∗ 0.6493 ൅ ሺ1 െ 0.9ሻ ∗ 0.9389 ൌ 0.6783 
As the result, the comprehensive fitness result from the comprehensive time perspective is 
found to be 0.6783. 
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Although assigning weight such as α can be done randomly, it is better to refer to CPM (Critical 
Path Method). CPM is a method which has been used from the early 1960s when it was developed. It 
has been utilized in planning and managing complex projects such as construction, software 
development and manufacture. (Chanas and Zieliński, 2001) The essential characteristics of CPM are 
activities, precedence and the duration times of activities. First of all, based on such information, 
activities are arranged according to sequence and activity identity box is written for each activity. 
Activity identity box consists of earliest start time (ES), earliest finish (EF), latest start (LS) 
and latest finish (LF). Precisely, ES is the earliest time an activity starts and EF is the earliest completion 
time of the activity started at ES. However, LS means the limitation time which an activity has to get 
executed by. If an activity does not start by LS, the overall schedule of the process would be delayed. 
In addition, LF is the latest time at which an activity is started at LS. Here, slack time or float indicates 
the spare time that can be afforded to be delayed. It can be calculated by subtracting ES from LS or EF 
from LF. Critical path means the workflow whose slack times are all zero from start to completion time 
and it can be found after preparing activity identity box according to sequence. (Shankar et al., 2010) 
As a result, if activities within critical paths get delayed, overall deadline can be affected. Therefore, a 
rational calculation would be giving a weight (1- β) of processing time to activities within critical path 
with zero slack times and giving weight (β) to other deadlines. 
Yet, since weight differs for each activity, an expansion on the method presented in Definition 
8 is required. The method for the expansion is shown in Definition 9. 
Definition 9. Metrics based on time perspective considering the weight of each activity 
β i indicates the weight of the event and it may vary according to each event. 
• Fitness based on time perspective for each event (ei) 
ftሺ݁௜ሻ ൌ 	ߚ௜ ∗ ܨ݅ݐ݊݁ݏݏ	ܾܽݏ݁݀	݋݊	݈݀݁ܽ݀݅݊݁ሺ݁௜ሻ ൅ ሺ1 െ ߚ௜ሻ
∗ ܨ݅ݐ݊݁ݏݏ	ܾܽݏ݁݀	݋݊	݌ݎ݋ܿ݁ݏݏ݅݊݃	ݐ݅݉݁ሺ݁௜ሻ	 
ݓ݄݁ݎ݁	0 ൑ ߚ௜ ൑ 1 
• Aggregation of fitness based on time perspective (E) 
ܨܶሺܧሻ ൌ 	∑ ݂ݐሺ݁௜ሻ଴ஸ௜ஸ|௘||݁|  
Above all, we calculate fitness based on deadline and fitness based on processing time based 
on Definition 6 and Definition 7. Then, each weight (β i) is multiplied to the resulting values in order to 
find the values of fitness based on the time perspective for each event. After that, overall fitness for the 
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event log can be obtained by calculating the average of the found values of fitness. Example 7 explains 
how to calculate fitness from the time perspective using CPM. 
Figure 3 shows the result of arranging Activity identity boxes of the 5 activities based on the 
planned model. 
 
 
Figure 3. An example of CPM 
 
The workflow connected with lines in Figure 3 is called critical path. The activities in critical 
path do not have slack times and are comprised of 4 activities in total which are Activity_0, Acitivty_1, 
Activity_3, and Activity_4. For such activities, each planned processing time is more important than 
deadlines. Hence, the 4 activities (Activity_0, Acitivty_1, Activity_3, and Activity_4) are given 0.9 to 
α while other activity (Activity_2) is given 0.1. The values of fitness based on deadline and fitness 
based on processing time for each event are shown in Table 11. 
 
Table 11. Fitness based on time perspective for each event 
E Fitness based on deadline 
Fitness based on 
processing time α 
Fitness based on 
time perspective 
e1 0.2439 0.7143 0.9 0.2909 
e2 0.9444 1.9615 0.1 0.9944 
e3 0.6829 0.4516 0.9 0.6598 
e4 0.5814 0.6410 0.9 0.5874 
e5 0.7937 0.9259 0.9 0.8069 
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The column furthest to the right in Table 11 shows the fitness values of each event which are 
calculated using weights obtained from CPM. Therefore, the comprehensive fitness of all events is the 
average of these values (0.2909, 0.9944, 0.6598, 0.5874, and 0.8069) which is 0.6679. 
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3.4.3. Fitness using Control-flow Perspective and Time Perspective 
Section 3.4.1 and 3.4.2 each proposes a method to test fitness from the control-flow perspective and the 
time perspective respectively. In this section, a method to find comprehensive fitness based on the above 
mentioned methods is presented. Definition 10 proposes a comprehensive fitness test metrics which 
utilizes both the control-flow perspective and the time perspective. 
Definition 10. Fitness using control-flow perspective and time perspective 
FitnessሺEሻ ൌ 	ߪ ∗ ܨܥሺܧሻ ൅ ሺ1 െ ߪሻ ∗ ܨܶሺܧሻ 
ݓ݄݁ݎ݁	0 ൑ ߪ ൑ 1 
Fitness can be put into use more effectively by controlling weight (σ) in a way that suits the 
characteristics of the process. Let us calculate the comprehensive fitness through the event log that we 
have used so far. Before doing so, in order to set σ, we first assume that it is a characteristic of the 
process that productivity and deadlines are more important than activity sequence. Based on such 
information σ is set to be 0.25 and the calculation of fitness is as follows. 
FitnessሺEሻ ൌ 	0.25 ∗ 0.8 ൅ ሺ1 െ 0.25ሻ ∗ 0.6679 ൌ 0.7009 
In the previous section, we have seen that fitness based on the control-flow perspective is 0.8 
through option 1. In addition, fitness based on the time perspective calculated by assigning different 
weights to each event using CPM is 0.6679. The comprehensive fitness is the sum of fitness based on 
the control-flow perspective (0.8) multiplied by 0.25 and fitness based on the time perspective (0.6679) 
multiplied by 0.75 which is 0.7009. Therefore, we can conclude that the resulting value of the 
comprehensive fitness is 0.7009. 
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IV. Evaluation 
 
We proposed the approach which can measure the comprehensive fitness considering control-flow 
perspective and time perspective in Section 3. In this section, we describe data related manufacturing 
process provided by a heavy industries Co., one of the major shipbuilding and offshore companies in 
the world. Then the proposed approach is validated by using collected data. 
 
4.1. Log Description 
We obtained manufacturing process data provided by a heavy industries Co. The data is related to 
constructing offshore plant manufacturing processes. It contains planned process data and event logs 
which were collected from the information systems for managing manufacturing process in the company. 
The planned process data is composed of planned activities and planned relations as we mentioned in 
Section 3.2. Each planned activity (pa) has attributes BlockId, ActivityCode, ActivityDescription, 
PlannedStartDate, PlannedCompleteDate, and PlannedDepartmentId. Each planned relation (pr) has 
two planned activities and their PlannedRelationType. The event logs are composed of events which 
have planned activity, ActualStartDate, ActualCompleteDate, and ActualDepartmentId. Table 12 is an 
example of event logs. 
 
Table 12. An example of event logs 
 Attributes Example 
 EventId E100001 
pa 
PlannedActivity (pa) PA5068 
BlockId (case) AA010 
ActivityCode (activity) Cutting of Leg 
PlannedStartDate 2014-10-08 
PlannedCompleteDate 2014-10-25 
 ActualStartDate 2014-10-08 
 ActualCompleteDate 2014-10-26 
 
 We cannot include specific information about results and summary of given logs in this paper 
because of confidentiality. Therefore we present results using a part of event logs in this section. 
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4.2. Application of Conformance Checking Using Control-flow 
Perspective and Time Perspective 
In this section, we describe the data analysis results that apply the suggested method for conformance 
checking using multi-perspectives. To begin explaining the results, we assume that the event logs do 
not have any defects at all. Thus, we do not have to conduct any kind of preprocessing. 
  
4.2.1. Control-flow Perspective 
To begin, activity relations in the event logs have to be identified in order to compare them to the 
planned process model in the control-flow perspective. In the planned process model, the activity 
relations are specified as PlannedRelationType. However, there is no pre-specified relation in the event 
logs. Thus, it is necessary to derive relations using the starting and completion times of activities, and 
to filter them when considering the planned model.  
 
Deriving relations of event logs 
To prevent deriving too many relations, we first arranged the activities in the event logs according to 
the starting time. We then derived relations via the metrics that were suggested in Definition 3. We 
derived 290 actual relations from the event log. Table 13 shows the summary of the actual relations that 
were extracted via the deriving steps. 
 
Table 13. Summary of relations in the event logs 
Relation 
type Frequency 
Relation 
type Frequency
Relation 
type Frequency 
→ 122 ← 122 ||-1 14 
||-2 3 ||-3 6 ||-4 0 
||-5 0 ||-6 0 ||-7 6 
||-8 3 ||-9 14 sum 290 
 
44 
 
There were three kinds of relations in the planned process model data, namely causality (→), 
||-1, and ||-2. However, the relations in the event logs consisted of eight types, two kinds of causality 
(→, ←), ||-1, ||-2, ||-3, ||-7, ||-8, and ||-9. That is, the event logs had more diverse relations than did the 
planned model. 
 
Computation of fitness based on control-flow perspective 
To calculate the fitness based on the control-flow perspective using the filtered relations in the event 
logs, the matched frequency of each relation must be derived using the metrics in Definition 5. The 
following is the number of the matched causalities. 
 
• Matched causality(PlannedRelations, Relations) = 
∑ ൜ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻୀ௖௔௨௦௔௟௜௧௬	∧	గ೛೗ೌ೙೙೐೏	ೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௣௥ሻୀ௖௔௨௦௔௟௜௧௬଴ ௢௧௛௘௥௪௜௦௘బರ೔ರ|ೝ|
∑ ൜ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻୀ௖௔௨௦௔௟௜௧௬଴ ௢௧௛௘௥௪௜௦௘బರ೔ರ|೛ೝ|
ൌ ଶ଴ସଶସସ  
As we suggested in Table 13, the number of causalities in the event logs was 244. Thus, this 
figure was substituted as the denominator. With regard to the numerator, 204 was substituted so that 
the relations in both the planned model and the event logs appeared as causalities. Therefore, the 
matched causality became 0.8361. 
 
• Matched parallel(PlannedRelations, Relations) = 
∑ ൜ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻஷ௖௔௨௦௔௟௜௧௬	∧	గ೛೗ೌ೙೙೐೏	ೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௣௥ሻஷ௖௔௨௦௔௟௜௧௬଴ ௢௧௛௘௥௪௜௦௘బರ೔ರ|ೝ|
∑ ൜ଵ ௜௙	గೝ೐೗ೌ೟೔೚೙	೟೤೛೐ሺ௥ሻஷ௖௔௨௦௔௟௜௧௬଴ ௢௧௛௘௥௪௜௦௘బರ೔ರ|ೝ|
ൌ ସ଴ସ଺ 
Similarly, we placed 46 as the denominator (the number of parallel relation in the event logs) and 
40 as the numerator, so that the relations in both the planned model and the event logs appeared 
parallel. According to these values, we calculated the matched parallel as 0.8696. Thus, the matched 
starting time in parallel and the matched completion time in parallel were 0.8696 (40/46) and 0.6957 
(32/46), respectively. 
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Based on these results, we could derive the fitness on control-perspective considering causality 
and parallel (Option 1). 
• Option 1. Fitness on control-flow perspective considering causality and parallel 
FCሺPR, Rሻ ൌ ܿ ∗ ܯܽݐ݄ܿ݁݀	ܿܽݑݏ݈ܽ݅ݐݕሺܴܲ, ܴሻ ൅ ݌ ∗ ܯܽݐ݄ܿ݁݀	݌ܽݎ݈݈݈ܽ݁ሺܴܲ, ܴሻ|ݎ|
ൌ 244 ∗ 0.8361 ൅ 46 ∗ 0.8696290 ൌ 0.8414 
Through formula of option 1, fitness was 0.8414. 
Next, we could also get the fitness considering parallel relation in detail. We then needed to 
determine weights for each relation to calculate the fitness. In this paper, we show various results by 
putting different figures to represent the weights. 
 
• Option 2. Fitness on control-flow perspective considering parallel in detail 
FCሺPR, Rሻ ൌ 	ߙ ∗ 0.8696 ൅ ሺ1 െ ߙሻ ∗ 0.6957 
	ݓ݄݁ݎ݁	0 ൑ ߙ ൑ 1 
 
We get the results of the fitness by adjusting α, which determines the degree of importance 
between starting in parallel and completing in parallel. The orange line shows the fitness depending on 
the changes made to α. In the results, the fitness was 0.7827 when 0.5 was substituted for α, which 
signifies that the importance of starting and completing in parallel is the same. In addition, the fitness 
increased as the value of α increased, because the matched starting in parallel value is relatively higher 
than the completing in parallel value. 
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4.2.2. Time Perspective 
In Section 4.2.1, we presented the results for measuring the fitness between the planned model and the 
event logs from the control-flow perspective. The measured fitness according to the time perspective 
will be provided in this section. 
 
Computation of fitness based on time perspective 
The fitness based on the time perspective is calculated using time-related information in the planned 
manufacturing process and the event logs. We got the fitness results depending on the changes to β, 
which determines the importance between the matched deadline and the matched processing time. We 
could see that the fitness increased as the value of β decreased, because the matched deadline value is 
relatively lower than the matched processing time. If we enter 1.0 as β, which shows that only the 
matched deadline is considered, then the fitness becomes 0.8310. By contrast, the fitness becomes 
0.9119 when the weight that α is as assigned is 0. Based on the results, we could perceive that most of 
the activities followed the planned processing time for each activity quite well. In addition, we also 
predicted that the delay was due to the mismatched deadlines of each activity. 
 
Computation of fitness based on time perspective by adjusting weights using CPM 
In this part, we show the results of the fitness based on the time perspective by adjusting weights using 
CPM. Prior to this, all activities have to be checked to determine whether they are included in the critical 
path. Figure 4 shows the critical path in part of the manufacturing process. 
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Figure 4. Results of deriving critical path 
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In the figure, the flow of activities connected by the solid line signifies the critical path in the 
process. As mentioned in 3.4.2, the activities in the critical path, such as Fab, Assembly_2, Pre-
erection_0, Painting, Pre-erection_1, and Setting have to be met the processing time compared to the 
deadline. On the other hand, it is more important to check whether the deadlines of other activities, such 
as Cutting_0, Assembly_0, Cutting_1, and Outfitting are met than it is to check the processing time. 
Considering the CPM analysis results, we calculated the fitness by adjusting the weights of the activities 
in the critical path (βc) as being below 0.5, and the weights of other activities (βo) as being above 0.5. 
 
 
Figure 5. The results of fitness on time perspective by adjusting weights using CPM 
 
In Figure 5, we can see that the fitness increases when βc is close to 0 and βo is close to 1.0. 
Based on the results, we could verify that most of the activities were performed well according to the 
characteristics of each activity. 
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4.2.3. Fitness using Control-flow Perspective and Time Perspective 
In this part, we calculated the comprehensive fitness by considering the results in Sections 4.3.1 and 
4.3.2. In Figure 6, we presented results of fitness using control-flow perspective (utilizing the result of 
option 1 and option 2 respectively) and time perspective adjusting various weights, which are α, β, and 
σ. 
 
Figure 6. The results of comprehensive fitness adjusting α, β, and σ 
 
The weight σ was used to adjust the degree of importance between the control-flow perspective 
and the time perspective. In addition, the weights α and β were used to adjust the degree of importance 
of the starting and completing in parallel relation in option 2 for the control-flow perspective and to 
adjust the importance of deadline and processing time of each activity for the time perspective, 
respectively. In addition, βc and βo were utilized to adjust the significance between deadline and 
processing time of each activity, respectively, considering activities in the critical path. In the summary 
of the presented results, the maximum fitness was 0.8767, while the minimum fitness was 0.7827. The 
maximum value was the result when each perspective was reflected equally and weights of deadline 
and processing time for each activity were optimized utilizing CPM. The minimum value was the results 
when we considered only the control-flow perspective of the two perspectives. We then entered 0.5 as 
σ to consider the control-flow and time perspectives equally. As a result, we could conclude that the 
actual manufacturing process followed the planned manufacturing process at 85.64% when we 
considered the flow of activities and the information-related time. 
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4.3. Discussion 
In this section, we discussed the findings by comparing the derived result from the proposed method to 
results deduced from other methods to measure fitness. As other methods, replay and alignment 
methods, which were referred in Section 2, were performed to check conformance between the actual 
processes and the planned processes. Utilizing the token replay method based on a Petri net algorithm, 
we got approximately 0.5000 as a result of fitness. Compared to fitness derived from the method we 
proposed, this value was low. Nevertheless, it showed where parts had a problem in comparing the 
actual to the planned processes. However, deriving the result from the token replay method took a long 
time comparing other methods. 
 Another method we conducted to compare to the suggested method was alignment. It was also 
based on a Petri net algorithm and default cost, we derived about 0.6213 as a fitness for the model and 
the event log we used. In fact, as a result of talking over with domain experts, who took charge of the 
corresponding model and event log, we found that the difference between them was not big. The result 
was better than the result from token replay method, but still different from the proposed method. We 
obtained 0.8696 fitness score between the actual and the planned processes for the result that considered 
control-flow perspective and time perspective, and 0.7827 for the result that focused only on the control-
flow perspective, being equal to the alignment method. That is, the fitness derived by the method we 
proposed was relatively higher than with the alignment method. This is because it just considered the 
control-flow perspective and ignored parallel relation. To make this more suitable for real 
manufacturing industry, we proposed the method to identify the difference between the actual and the 
planned processes considering time perspective and parallel relations in more detail to overcome 
problems of the existing methods. 
  
51 
 
V. Conclusion 
 
This paper developed the approach to check the comprehensive conformance of actual event logs to 
planned process models from the control-flow perspective and the time perspective in the 
manufacturing industry. From the control-flow perspective, we proposed a method to identify the 
consistency of planned models and event logs using nine detailed parallel relations as well as causality 
and simple parallel relation. In addition, this paper suggested a method that can make a comparison 
between planned models and actual event logs using the deadlines of each activity and the processing 
time of each activity according to the time perspective. Furthermore, the proposed comprehensive 
fitness can be utilized suitably for each process by adjusting the various variables that represent the 
ratios of each perspective. 
There are three contributions of this paper. First, we proposed a fitness to check how well 
actual processes conform to planned processes in various aspects. We proposed an approach that 
measures the comprehensive fitness, including the control-flow perspective and the time perspective. 
To reflect the need of the manufacturing industry, we developed a fitness value not only from the 
control-flow perspective considering the order of activities and relations among activities, but also from 
the time perspective by including the deadlines and the processing times of the activities. Second, we 
presented a method that has practical value in checking conformance. To identify various conditions in 
parallel relations, we not only defined nine detailed parallel relations concerning the start and 
completion order of two activities, but also compared models and event logs precisely by utilizing these 
relations. There is a need for comparing the relations of activities and more detailed parallel relations 
in the manufacturing industry to check several conditions (e.g., where two activities have to be ended 
at the same time); however, existing research has focused only on comparisons with causality and 
simple parallel relation. Accordingly, we subdivided the parallel relation in order to make the fitness 
more suited to applying conformance analysis to manufacturing industry. Lastly, we developed a 
method that can measure how well event logs conform to the models according to the time perspective. 
In previous studies, fitness values were derived by considering only the sequence of activities and 
relations among them. However, it is necessary to take the time perspective (the deadline and processing 
times) into account when measuring fitness in the manufacturing industry. Therefore, this paper 
suggested a method to fill the research gap. 
Despite the various contributions, there are also the following limitations. First, not only 
should the control-flow and the time perspectives we proposed be considered, other perspectives, such 
as organizational, case, and event perspectives should be considered in order to measure fitness more 
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comprehensively. When optimal manufacturing processes are planned in various industries, it is very 
important to allocate adequate resources for each activity. In the event of limited resources, efficiency 
is maximized when appropriate resources are allocated to activities by considering the time and resource 
networks utilized (Shen et al., 2006). After all, planned groups or resources should perform planned 
activities when conducting the actual manufacturing process. Therefore, it is necessary to propose a 
fitness measure that can compare the planned models to the actual event logs from the organizational 
perspective. In addition, attributes corresponding to the case perspective, such as the characteristics of 
each product, the component type, and so forth, and attributes corresponding to the event perspective, 
such as the external environment (temperature and humidity, for example), costs, and on the like can 
have a direct influence on the quality of the product. Therefore, a method to measure the fitness value 
based on these perspectives or the event perspective is required.  
Next, this paper did not present optimal weight values for each condition to measure the fitness. 
Thus, users will have to determine the various variables to measure the proposed fitness. To overcome 
this limitation, we should suggest a method to recommend the appropriate input values of the variables 
by considering the characteristics of each process to facilitate ease of use. 
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